INTRODUCTION
Colorectal cancer (CRC) is the third most common cancer overallthe world among men, and second among women, accounting for about 1.4 million new cases in 2012, with 746,000 cases being diagnosed in men and 614,000 in women (1) . Most recent estimate of Brazilian National Cancer Institute (INCa) for 2016/2017 is that CRC will affect 16,660 men and 17,620 women, consisting of the third and second anatomical locations, respectively. Among Brazilian regions, Southeast region presented the highest standardized incidence of CRC among men (24.27/100,000) and women (22. 66/100,000), and lowest standardized incidence rates were observed in North region, among men (5.34/100,000) and women (5.89/100,000) (2) . Regarding the distribution of mortality rates due to this type of cancer in Brazilian regions, studies showed a growing increase, especially in South and Southeast regions, which presented rates similar to those in highly industrialized countries (3) (4) (5) . Even with advances in diagnosis and treatment, mortality due to this neoplasm remains high, so that its overall average survival over five years is reported to be around 55% in developed countries and 40% in developing countries (6) . Epidemiological knowledge about colorectal cancer mortality is important to support the planning of structured and effective public policies for early detection and treatment. In this sense, this study aimed to analyze temporal trend of CRC mortality in Brazil as a whole and in its main geographic regions, in the period between 1996 and 2015.
METHODS
This is a time-series study, whose unit of analysis was mortality rates for CRC in Brazil between 1996 and 2015. Data were obtained
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from Ministry of Health´ Mortality Information System (SIM/ SUS). International Classification of Diseases (ICD) codes used were C18, C19 and C20 (which include all subcategories), referenced underlying cause of death at the 10th revision. For the calculation of mortality coefficients, the annual population estimates of Brazilian Institute of Geography and Statistics (IBGE) were used as the denominator, by sex, age group and region of residence, from 1996 to 2012. For the years between 2013 and 2015, estimation of population was calculated through intercensorial population projections, using geometric interpolation. It is worth mentioning that it was decided to make analysis by regions due to the marked inequality among them, especially among developed South and Southeast and, on the other hand, less developed North and Northeast.
Correction of deaths for CRC was performed through deaths from undefined causes (codes: R00-R99 from ICD-10). Considering that cancer death records are better stated than the other causes of death, it was assumed that representation of cancers among undefined causes is smaller, making a proportional redistribution of all deaths from undefined causes (7) . Thus, in order to avoid overestimation of the number of deaths, 50.0% of deaths were proportionally redistributed as corresponding to neoplasms, considering proportions by sex, age group and geographical area (8) .
Crude mortality coefficients per 100,000 inhabitants were calculated and later standardized by the direct method using world population proposed by Segi (9) and modified by Doll et al. (10) . Stationarity of the time series were evaluated through the Wald-Wolowitz test, and the trend effect were verified through the Cox-Stuart test.
After checking the effect, mortality trend was analyzed using polynomial regression technique (11) . Mortality coefficient from CRC was considered as a dependent variable (y), and year centered by midpoint of the period (x-2005) was used as independent variable (x). Both linear, second and third degree regression models were tested. Eligible model was the one that had the best fit of determinant coefficient (R 2 ), statistical significance (considering the 5% level of significance) and residue analysis. In cases where the models presented similarity, those who presented the simplest model were chosen (parsimony criteria). This analysis was performed using R program, version 3.4.1.
Additionaly, for joinpoint trend analysis, inflection point method was used to calculate both annual increase of mortality rates (annual percentage change -APC), and also the variation of the last 5 and 10 years (AAPC), which allows the adjustment of data into a serie from the lowest possible number of joinpoints (zero, ie, a line with no inflection points) and tests whether the inclusion of more joinpoints was statistically significant. Significance tests used were based on Monte Carlo permutation method, considering rates logarithm (12) . Finally, according to Resolution 466/2012, from National Council of Ethics in Research, since this paper performed analysis from public data, it is not necessary to submit to local Ethics Commitee approval.
RESULTS
In Brazil, from 1996 to 2015, there were 201,075 deaths from colorectal cancer. Among these deaths, 140,753 (70.1%) occurred in individuals aged 60 years or older. In this period, proportional mortality due to this type of cancer showed an increasing trend (R 2 =0.92, P<0.001), ranging from 5.69% to 7.08%. Median mortality rates are higher in South region and, when averages between regions for the period 1996 to 2015 are compared, they are different, with statistical significance (P<0.001). Due to age group, median is higher for age group of 60 and over, and lower for the age group 20 to 39 (P<0.001). Although tmedian mortality rate was higher for females, it did not present statistical significance (P=0.341), showing no difference in mortality pattern due to sex.
When considering time series, we proceeded to diagnosis of randomness, in order to evaluate the assumption of non-stationary values (TABLE 1) . Applying Wald-Wolfowitz test, we obtained a number of observation groups different from each region and sex. Through analysis of parameters of the series (variance and standard deviation), and the verification of statistical significance allowed to reject null hypothesis of randomness of the data, making possible the attempt to model the data.
In order to verify the effect of trend of mortality time rates series, Cox-Stuart test was performed. Series were analyzed by gender (male and female) and by location (Brazil and regions), and showed that linear trend was adequate, with coefficient of determination (R 2 ) ranging from 0.53 to 0.99 (TABLE 2). TABLE 3 presents adjusted models to all series through polynomial regression. For all Brazilian regions, the best fit for series was obtained with linear model. With regard to the trend of mortality by sex, according to region, it was observed that for both sexes in all regions, it was increasing and significant.
After observing the final adjustments, considering the joinpoint model, APC of mortality for CRC presented a difference between regions. However, when comparing joinpoint analysis and polynomial regression analysis, two points are relevant. The first point concerns the fact that there is no significant variation for any location and sex that would generate a point of inflection, so the trends are linear. However, the growth speed of North and Northeast regions is higher than in south and Southeast regions, although these last regions present higher mortality rates. Second point refers to the fact that there is a little difference between APC values and polynomial regression parameters. This is due to the modeling difference, since polynomial regression performs modeling considering the terms in time, and uses the adjusted mortality rate as the outcome variable; on the other hand, joinpoint analysis performs modeling through a poisson-type distribution (TABLE 4) .
DISCUSSION
Mortality rates for CRC tended to increase, in all Brazilian regions, for men and women throughout the period. In addition, results by joinpoint did not present inflections for the Brazilian regions. However, APC of specific mortality for CRC for males in North and Northeast regions was higher than in South and Southeast regions. These are the two less developed regions of the , where we found lowest mortality rates, but also present a different rate of increase than the other regions.
In fact, international estimates indicate that, in United States and other developed countries, mortality due to this neoplasm is declining; on the other hand, a number of developing and underdeveloped countries are on the increase (13) . In Europe, an overview of recent trends in mortality from neoplasias discussed there was a trend of increasing mortality from CRC for men and a reduction for women in Spain (14) . In Italy, researchers have shown a growing and statistically significant trend for men in the period 1978-2004 (15) . However, a study on mortality due to neoplasias carried out in European Union countries has observed a decrease in CRC mortality rates in both sexes (16) . Several studies exploring the development context to explain the dynamics of incidence and mortality by specific cancers clearly demonstrate the direct association between the pattern of morbidity and mortality in this group and socioeconomic context. More recently, some findings show that, in 2008, the highest burden of cancer was in areas of very high HDI, which accounted for almost 40% of global incidence burden, despite accounting for only 15% of the world population; in areas with low HDI, the burden of cancer accounted for only 2% of the global burden of disease, with a population representing about 6% of global population. However, in projection for 2030, it´s expected a largest absolute increase in areas with low HDI (17) (18) (19) . In Brazil, National Cancer Care Policy is based on issues related to cancer incidence and mortality, nationally and universally. However, it is necessary to consider Brazilian regional differences in action planning, focusing on cancer care, considering decentralization of these actions to ensure their effectiveness. A study on the prediction of CRC mortality in Brazil and its geographic regions, until 2025, found that there will be an increase in mortality rates in this type of neoplasm, showing a greater magnitude in North, Northeast and Central West, which also correspond with the less developed areas of the country (20) . It is important to mention that South and Southeast regions have the highest mortality due to CRC for both sexes, and these are the ones with the highest development in the country. It should be noted that these are the regions that have a concentration of health services, including those that make up the highly complex network (21) . On the other hand, North region had the lowest mortality rate due to this type of neoplasm in relation to the others, followed by Northeast and Central West regions.
Several authors have discussed regional heterogeneity of mortality rates from CRC (3) (4) (5) and these differences may be related to lifestyle, eating habits and socioeconomic status, and as access to health services and the quality of medical care as well. For example, in a study carried out in Fortaleza and Porto Alegre, two Brazilian capitals located respectively in Northeast and South regions of country, to analyze the trend of incidence rates and distribution pattern of CRC, found that incidence mean rates were about three times higher in Porto Alegre than in Fortaleza, for both men and women. Authors considered that access to diagnostic and therapeutic services (public and private) may be one of the explanations for this result, since in this period Porto Alegre had six highly complex cancer care services, while in Fortaleza there was a hospital reference (22) . Data from the last Family Budgets Survey (Pesquisa de Orça-mentos Familiares -POF) pointed to regional differences relevant to the pattern of Brazilian diet. South region had the lowest percentage of the country consuming cereals, vegetables and oilseeds (5.5%), while the highest percentage occurred in Northeast (10.3%) and Central West (10.2%). Southeast region had the highest percentage of meat and processed food consumption (3.5%), equivalent to twice that found in Northeast region (1.7%) (23) . Regarding the dietary pattern, it is known that tfruit and vegetables consumption is still much lower than recommended by World Health Organization, and the study of the trend does not show an increase over the last years. Also, this deficiency in macronutrient food intake of protective effect against cancer is differentiated by income, so that low-income families experience a lower quality food pattern (24) . In October 2015, scientists from ten countries met at International Agency for Research on Cancer (IARC), and concluded, after reviewing more than 800 published studies worldwide, on the carcinogenicity of red meat and processed meat consumption (25) . Therefore, consumption patterns should be considered in the evaluation of differences found in CRC mortality rates between regions and Brazilians, since South and Southeast regions, when compared to the others, present lifestyles that could lead to a higher risk of developing this type of cancer, such as low fiber intake and high dietary lipid content, high alcohol intake, higher prevalence of smoking, and high red meat consumption (26) . Considering the heterogeneity within Brazil, CRC lethality trend is still unclear, since survival depends mainly on access to early diagnosis and appropriate treatment in a timely manner. However, it is known that an experience of having cancer motivates people to change their lifestyle, especially those related to physical activity and healthy eating (27) . Relationship between socioeconomic level and colorectal is known in literature (28) . In a study carried out to estimate correlation between per capita income and the CRC mortality rate in Brazil from 2001 to 2009, there was a positive and statistically significant correlation between more developed regions and the mortality rates both sexes (29) . Several epidemiological studies have shown that prevention programs have been effective in decreasing mortality and incidence of CRC, but even with these findings, in countries with abundant resources, such as United States, adherence remains low, influencing cost-effectiveness of programs (30, 31) . In Brazil, National Policy on Oncological Care (PNAO) -promotion, prevention, diagnosis, treatment, rehabilitation and palliative care was instituted through the Ministerial Cabinet Order No. 2,439 of 2005 (32) . Ministry of Health still does not consider if implementation of population screening programs for CRC is currently effective, and it is recommended as an early diagnosis strategy the widespread dissemination of warning signs to the population and health professionals, immediate access to diagnostic procedures and appropriate and timely treatment (33) . In this sense, it should be ratified that recent meta-analysis confirmed that faecal occult blood research, fecal immunohistochemistry, sigmoidoscopy and colonoscopy are all effective in preventing CRC deaths, especially if combined, reducing the incidence of deaths by up to 59%. However, it suggests that colonoscopy is the most effective screening method to prevent CRC deaths (34) . Also, despite of dietary factors evaluated in population attributable fraction (35) , there is a growing tendency to consider the association between human papillomavirus (HPV) and CRC (36) . Since it is one of the most common sexually transmitted diseases and the association with the incidence of this type of cancer, the importance of the early diagnosis of oncogenic HPV infection is now discussed for prevention of new cases.
Limitations of this study may be related to the study design, not allowing inference of results at individual level and the use of secondary data. Using of mortality data from Mortality Information System may be related to sub-registries of deaths due to cancer, being able to present errors in the codifications of basic cause of death, and underestimation of mortality rates can be generated by classification of deaths as causes undefined or not specified in the death certificates.
CONCLUSION
Since CRC has implications for the possibilities of screening, diagnosis and treatment, as well as measures to promote health of population, not only with clinical approaches, it could be said that it represents an important public health problem in Brazil, showing a growing and statistically significant trend of mortality in Brazil and its regions over the last 20 years. Despite advances in public policies for cancer care, it is necessary to strengthen health surveillance, in order to subsidize preventive policies for the formulation of screening programs and early diagnosis, considering that prognosis of CRC is often poor when detected at a symptomatic stage. In this sense, those guidelines aim at reduction of long hospitalizations, high cost of treatment, rehabilitation and high mortality rates. It is worth mentioning, however, that in order to further discuss this measure, it is necessary to conduct cost-effectiveness studies applied to Brazilian context.
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